Identification of Mitochondrial Proteins regulated during Activation of GPER1-Leading to Cardioprotection  by Bopassa, Jean Chrisostome et al.
Wednesday, February 6, 2013 657aeffect, different Bax and Bcl-xL mutants were co-expressed in yeast. We found
that wild-type Bcl-xL increased the mitochondrial localization of Bax; but that
this effect was lost when Bcl-xL mutants unable to physically interact with Bax
were expressed instead of wild-type Bcl-xL. Also, Bax retrotranslocation from
mitochondria to cytosol was also increased; suggesting that both translocation
and retrotranslocation events were differentially stimulated by the expression
of wild-type Bcl-xL. Further, a C-terminally truncated mutant of Bcl-xL, that
lost its capacity to relocate to mitochondria, still increased the mitochondrial
localization of and cytochrome c release activity of wild-type Bax. Finally,
wild-type Bcl-xL protected activated Bax against proteolytic degradation.
These data suggest that Bcl-xL, by acting as a modulator of mitochondrial
Bax localization, may play an active role along the pathway leading to Bax
activation.
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Mitochondrial (mt) network undergoes locally frequent fragmentation and
fusion events. When integrated over time, its basic morphology encompasses
highly interconnected mt reticulum, a single mitochondrion within the cell
(1). Upon certain insults and/or pathological states fragmented network
persists. MtDNA is organized in nucleoids containing assessor proteins and
recruited proteins of mt replication/ transcription machinery. It is debated on
their uniform size and whether a single nucleoid contains a single mtDNAmol-
ecule or up to average 6 mtDNA molecules. To image nucleoid distribution
within mt network, we employed 3D super-resolution fluorescent photactivable
localization microscopy of Biplane schema (1). Mt network of hepatocellular
carcinoma HepG2 cells was imaged first by its matrix space using mtEos2 or
as outer mitochondrial membrane contour using Eos2-conjugates of truncated
FIS1 protein (not inducing massive fission, Eos2-FIS1tr). Resulting 3D images
confirm the existence of highly-connected mt network and unlike conventional
confocal microscopy, 3D BiplaneFPALM distinguished a hollow character of
mt reticulum tubules when visualized by Eos2-FIS1tr. Upon network fragmen-
tation, hollow max ~2 micrometer spheres occurred. Imaging of mt nucleoids
confirmed the existence of ~1000 nucleoids per cell with size distribution
from 50 nm to 300 nm. Optimized dual transfection strategy had to be em-
ployed for simultaneous imaging of network (mtEos or Eos2-FIS1tr) and nucle-
oids (mtSSB-PSCFP2). Images revealed an equidistant nucleoid distribution of
an average distance of ~1 micrometer between nucleoids. Fragmentation by
different agents led to observations of clusters of mt nucleoids within the spher-
ical fragmented objects thus formed.
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To understand the mechanisms involved in the control and regulation of mito-
chondrial reactive oxygen species (ROS) levels, a two-compartment computa-
tional Mitochondrial Energetic-Redox (ME-R) model accounting for energetic,
redox and ROS metabolisms is presented. The ME-R model incorporates four
main redox couples (NADH/NADþ, NADPH/NADPþ, GSH/GSSG, Trx(SH)2/
TrxSS). Main scavenging systems - glutathione, thioredoxin, superoxide dis-
mutase, catalase - are distributed in mitochondrial matrix and extra-matrix
compartments, and transport between compartments of ROS species (superox-
ide: O2
.-, hydrogen peroxide: H2O2), and GSH is also taken into account. Model
simulations are compared with experimental data obtained from isolated heart
mitochondria. The ME-R model is able to simulate: i) the shape and order
of magnitude of H2O2 emission and dose-response kinetics observed after
treatment with inhibitors of the GSH or Trx scavenging systems; and ii) steady
and transient behavior of DJm and NADH after single or repetitive pulses of
substrate- or uncoupler-elicited energetic-redox transitions. The dynamics of
the redox environment in both compartments is analyzed with the model fol-
lowing substrate addition. The ME-R model represents a useful computationaltool for exploring ROS dynamics, the role of compartmentation in the redox
environment modulation, and the role of redox regulation in the control of mi-
tochondrial function.
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The progressive loss of midbrain dopaminergic neurons is the hallmark of
Parkinson’s disease (PD). Defects in mitochondrial electron transport and
mitochondrial DNA replication predispose to the onset of PD. The protein
products of several PD genes, including Parkin, Pink1 and DJ1 are known to
localize to mitochondria; pathological mutations in these genes may disrupt
mitochondrial function. In a previous studywe found that the anti-apoptotic pro-
tein Bcl-xL enhances the efficiency of neuronal energy metabolism by
increasing total cellular ATP levels while decreasing cellular oxygen use.
Bcl-xL produces this effect in part through a direct interaction with the beta sub-
unit of the F1Fo ATP synthase. The interaction causes a decrease in leak of Hþ
ions across the mitochondrial inner membrane, correlated with an increase in
coupling of oxidative phosphorylation. We now show that the Parkinson’s dis-
ease gene-encoded protein, DJ1 (PARK7), is also associated with the ATP syn-
thase complex and has a similar regulatory effect on enzymatic activity of the
synthase and on the coupling of oxidation to phosphorylation. Pathological
mutations of DJ1 may disrupt mitochondrial efficiency leading to neurodegen-
eration of mesencephalic dopaminergic neurons. The exact site of the leak
inhibited by Bcl-xL and DJ1 is now being determined, but likely resides in or
adjacent to the c-subunit ring of the ATP synthase Fo. Improved mitochondrial
metabolic efficiency that accompanies decreases in Hþ leak may result in long
lasting changes in synaptic efficacy and survival in both healthy and at-risk neu-
rons, suggesting a role for leak regulation in future therapeutic interventions.
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Several studies have demonstrated that G-protein coupled estrogen receptor
(GPER1) can directly bind to estrogen and mediate its action. We previously
demonstrated that GPER1 activation with G1, a specific agonist is cardioprotec-
tive in wild-type (WT) mice subjected to ischemia/reperfusion injury. Here, we
identified regulatedmitochondrial proteins associatedwithGPER1activation by
estrogen treatment in WT and GPER1-/- mouse hearts after ischemia/reperfu-
sion. Isolated hearts from male WT (C57BL/6NCrL) or GPER1-/- mice were
perfused using the Langendorff technique with Krebs Henseleit buffer, with
and without (control) the addition of estrogen (40 nM). Hearts were subjected
to 18 min global ischemia followed by 10min reperfusion. Mitochondria were
isolated, and 2D-DIGE followed bymass spectrometry was performed. Proteins
of interestwere the ones (up- or down- regulated) inWTþE2vs.WT-control that
remained unchanged in GPER-/-þestrogen vs. GPER-/–control andWT-control
vs.GPER-/–control.Robust changesof proteinswere observed in 45 spots, out of
which 14 were down regulated and 31 up regulated. In these 45 spots, 52 unique
proteins were identified. Among the proteins identified, estrogen treatment in-
duced the regulation of enzymes mostly involved in electron transfer chain
and ATP production. Estrogen action involved the down-regulation of filament
proteins (filaminA,B,C), the up-regulation of proteins that activate transcription,
and proteins involved in the contractile system (tropomyosin and myosin).
Further, estrogen treatment is associated with regulation of proteins acting in
stress (stress-70 protein, and 60 kDa heat shock protein), in cell communication
(glial fibrillary acidic protein), and in signaling pathways (membrane-associated
phosphatidylinositol transfer protein). Finally, estrogen down-regulated the
mitochondrial inner membrane protein, this protein controls mitochondrial cris-
taemorphology. In conclusion, rapid estrogen effects throughGPER1 activation
are associated with the down- or up-regulation of mitochondrial and non-
mitochondrial proteins likely in close contact to mitochondria.
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Background: Recent break-through discovery in the molecular identity of
mitochondrial Ca2þ uniporter (MCU) opens the new possibilities for applying
